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Def: A device that uses specific
biochemical reactions mediated by
isolated enzymes, immunosystems,
tissues, organelles or whole cells to detect
chemical compounds usually by electrical,
thermal or optical signals. (IUPAC)





Applications



BioFET

GenFET

Transducer: FET

Biological element: DNA



Probe Target





Why FET?

• Transistors:
 Amplification

 Label free
 CTHDSGSINSDS RVVVLWCfI ,,,,,,,

Sensing area: 
• Gate/electrolyte
• Semiconductor
• Electrodes

Sensing mechanisms:
• Field effect modulation



Why OTFT?

• Transistors:
 Amplification

 Label free

• Materials:
 Biodegradable

 Biocompatible

 Flexible

 Cost effective

 Large area production

 CTHDSGSINSDS RVVVLWCfI ,,,,,,,

Sensing area: 
• Gate/electrolyte
• Semiconductor
• Electrodes
• Active semiconductor/electrolyte

Sensing mechanisms:
• Field effect modulation
• Morphology variation
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DNA hybridization detection with organic thin film transistors:
Toward fast and disposable DNA microarray chips
Qintao Zhang, Vivek Subramanian (2007)

OSC functionalization
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Label-free DNA sensor based on organic thin film transistors
Feng Yan, Sheung Man Mok, Jinjiang Yu, Helen L.W. Chan, 
Mo Yang (2009)

Charge injection modulation



Label-free DNA sensor based on organic thin film transistors
Feng Yan, Sheung Man Mok, Jinjiang Yu, Helen L.W. Chan, 
Mo Yang (2009)

Charge injection modulation



Structures
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• Operating voltages
• Actual feasibility
• Stability



Electrolyte: polarization
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Electrolyte: polarization
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Electrolyte: double layer
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𝐶𝑑𝑙 ≅
𝜀

𝜆𝐷
𝐴

Cdl : 10 – 100 μF · cm-2

Cins : 10 nF · cm-2



EGOFET: working principle
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EGOFET: working principle



EGOFET: functionalization

Point-of-care (POC) biosensors are
integrated diagnostic devices
that allow the detection of clinically
relevant biomarkers in biological
fluids (blood, urine, saliva, sweat,
and tears) outside
conventional laboratories.

Ultrasensitive printable biosensors for point-of-care applications
Maria Magliulo, Mohammad Yusuf Mulla, Kyriaki Manoli, Donato De Tullio, Preethi Seshadri, Gaetano Scamarcio, Gerardo Palazzo 
and Luisa Torsi (2012)
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GATE
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FLOATING GATE ORGANIC SEMICONDUCTOR

GOLD

SOURCE DRAIN CONTROL GATE
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|IDS|

|VTH0|

|VTH1|
OTFT SENSING AREA

FLOATING GATE

𝑉𝐹𝐺 ≈
𝐶𝐶𝐺

𝐶𝐶𝐺 + 𝐶𝐷𝐹+ 𝐶𝑆𝐹
𝑉𝐶𝐺𝑆 +

𝑄𝑆𝐸𝑁𝑆
𝐶𝐶𝐺 + 𝐶𝐷𝐹+ 𝐶𝑆𝐹

+
𝑄0

𝐶𝐶𝐺 + 𝐶𝐷𝐹+ 𝐶𝑆𝐹

∆𝑉𝑇𝐻 =
∆𝑄𝑆𝐸𝑁𝑆

𝐶𝐶𝐺 + 𝐶𝐷𝐹+ 𝐶𝑆𝐹

OCMFET: DNA hybridization
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OCMFET: DNA hybridization

S. Lai, M. Demelas, G. Casula, P. Cosseddu, M. 
Barbaro, and A. Bonfiglio, Adv. Mater. 25, 103 
(2013)



OCMFET: DNA hybridization

S. Lai, M. Demelas, G. Casula, P. Cosseddu, M. 
Barbaro, and A. Bonfiglio, Adv. Mater. 25, 103 
(2013)



FG – Silver

S/D – PEDOT:PSS TIPS-Pentacene

PVP

CG – PEDOT:PSS

Inkjet printing
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Inkjet printing

Printed «State of the art»
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OCMFET: Molecular beacons



OCMFET: Molecular beacons
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